Objective: To analyse the sensitivity of Mycobacterium tuberculosis by nitrate reductase assay (NRA) and the Hain molecular line probe assay (LPA) 
INTRODUCTION
Tuberculosis (TB) continues to be a major public health problem, particularly in developing countries. In 2009, the World Health Organization (WHO) estimated 9.4 million new cases globally with most of the burden in developing countries which had 95% of the cases (1) . The impact of TB/HIV co-infection is worrisome. HIV is the strongest risk factor for developing active TB among those with latent TB infection [LTBI] (2) . On the other hand, TB is one of the main causes of mortality in people living with HIV. In 2009, TB mortality among HIV-positive and HIV-negative persons was estimated in 0.38 million and 1.3 million people, respectively (3) . By March 2010, 58 countries have reported at least one extensively drug-resistant (XDR)-TB case (1) .
In Guyana, the tuberculosis situation has changed significantly over the last 15 years. A steady increase in the number of TB cases was noted since the early 1990s after a substantial decrease during the 1970s and 1980s (4) . The case notification rate increased from 21 per 100 000 in 1992 to 83 per 100 000 in 2009. The mortality rate is gradually declining: from 16 deaths per 100 000 population in 2004 to 11 deaths per 100 000 population in 2008 (4) . During the last few years, several diagnostic methods have been developed for the rapid detection of drug resistance and for drug susceptibility testing (DST) of Mycobacterium tuberculosis (5) (6) (7) (8) . Most important among them were line probe assay (LPA) -an expensive, molecular tool, and nitrate reductase assay (NRA) -a rapid, inexpensive method (9) . In 2011, WHO reported multi-drug resistant (MDR)-TB diagnostic tools on the sensitivity of rapid cultures compared to molecular assay [Table 1 ] (10).
For the LPA, DNA strip assays targeting rpoB, katG and inhA (GenoType MTBDRplus; Hain Lifescience GmbH, Nehren, Germany) genes were used for M tuberculosis identification and detection of resistance to rifampin (RIF) and isoniazid (INH). The DNA strip assays are based on a multiplex polymerase chain reaction (PCR) in combination with reverse hybridization. Either the omission of a wild-type band or the appearance of bands of DNA signals representing specific mutations indicates the existence of a resistant strain. The entire procedure is divided into four steps:
-DNA extraction from cultured material (plates/ liquid medium) and clinical specimens (sputum). -A multiplex PCR amplification with biotinylated primers. -Hybridization -reverse process which involves chemical denaturation of the amplification products, hybridization of the single stranded, biotin labelled amplicons to membrane bound probes, stringent washing, addition of a streptavidin/ alkaline phosphatase conjugate, and an AP mediated staining reaction. -Evaluation -pasting of strips on template worksheets, interpretation of results using MTBDR plus chart. This research therefore is a first attempt to compare the sensitivity of the Griess NRA and the Hain LPA among TB/HIV co-infected patients and TB positive HIV negative patients for DST of 50 clinical isolates of M tuberculosis to first-line drugs.
MATERIALS AND METHODS
Sputum samples were collected from the Georgetown Hospitals Chest Clinic and the test done at Reference Laboratory from April 2010 to April 2011 using a stratified random sample. The sputum samples of twenty-five TB/HIV co-infected patients and twenty-five TB positive HIV negative patients for the specified period were extracted. The data were examined based on treatment history and results of HIV test (serologic) at the time of TB diagnosis.
Nitrate reduction assay is based on the ability of M tuberculosis to reduce nitrate to nitrite. This is routinely used for biochemical identification of mycobacterial species. The presence of nitrite can easily be detected with specific reagents, which produce a colour change. Nitrate reduction assay uses the detection of nitrite as an indication of growth when it is used as a drug susceptibility test.
Four LJ tubes per specimen (two controls, one containing INH and one containing RIF) were labelled. In a biological safety cabinet (BSC), 0.2 ml (four drops) of processed specimen was inoculated to each of the four tubes. The caps of the tubes were left slightly open and incubation was in a slanted position for three days to allow excess moisture to evaporate. After three days, the caps were tightly closed and incubated in an upright position at 37°C for 28 days. Cultures were tested weekly for presence of growth. The LJs showing evidence of growth on the control tube were tested with Griess before 28 days. After 28 days incubation or if growth is seen in the control tubes, the tubes were removed from the incubator and placed in BSC. Using all safety precautions and wearing personal protective equipment (N95 masks, gown and gloves), one control tube was opened slowly and 0.5 ml Griess reagent was added to the tube with a sterile plastic pipette. Development of a red colour indicated that there was growth on the slant and that the nitrate in the LJ media was converted to nitrite. If a red colour was observed in the control, then an equal amount of Griess reagent was added to the slant containing INH and RIF. Observation of red colour in the control and drug tubes indicated that there was growth in the drug tubes despite the presence of drugs. This indicated that the isolate was resistant to the drugs. Red colour observed in the control tube and no colour in the drug tubes indicated that growth of mycobacteria was inhibited by the presence of the drugs and in this case the isolate was sensitive to the drugs.
Statistical analysis
As the diagnostic methods tested in this study do not have a gold standard, a Bayesian approach was used. The agreement between the two tests was evaluated by calculating positive and negative agreement indices according to the theory proposed by Graham and Bull (11) . This method excluded the limitation of the kappa statistics. Data were entered in Microsoft Excel and later transferred to SPSS 13.0 for analysis. A p-value less than 0.05 was considered significant.
Ethical Consideration
Ethics approval for the conduct of this study was obtained from the Institutional Review Board (IRB) of the Ministry of Health of Guyana. Table 2 . For isoniazid, two isolates were found resistant and 30 susceptible by both methods. Eighteen isolates gave discordant results since they were resistant by NRA but susceptible by LPA.
RESULTS

Fifty clinical isolates of M tuberculosis
For rifampicin, eight isolates were resistant and 34 susceptible by both methods; four strains gave a discordant result, being susceptible by LPA but resistant by NRA, and four susceptible by NRA and resistant by LPA. For MDR strains (RIF + INH), two isolates were resistant and 43 susceptible by both methods. Five isolates were susceptible by LPA but resistant by NRA.
The agreement between the results obtained by NRA and LPA was estimated by calculating positive and negative agreement indices. The indices in Table 2 show that among RIF, INH and MDR, the agreement was better in negative rather than in the positive direction.
A summary of LPA results and NRA results with monoresistance and multi-resistance is shown in Table 3 . A total of 24 isolates were sensitive by both methods. Table 4 shows the results obtained with NRA compared to LPA among HIV positive and HIV negative clinical isolates of M tuberculosis. Within the HIV positive cases, LPA showed one was INH resistant and four were RIF resistant; NRA method showed nine INH resistant and four RIF resistant. Within the HIV negative cases, LPA had one INH resistant and eight RIF resistant whereas NRA had 11 INH resistant and eight RIF resistant.
DISCUSSION
Tuberculosis remains a major health problem in the world. The epidemic caused by HIV has increased the burden of TB, especially in populations where the prevalence of HIV infection is high. Additionally, the incidence of drug-resistant TB has presented new threats to the existing public health problem of TB/HIV co-infection.
In this study, the Griess NRA was compared to the Hain LPA using samples collected from TB/HIV co-infected patients.
Other studies showed LPA had high specificity for detection of RIF and INH, high sensitivity for detection of RIF resistance and somewhat lower sensitivity for INH (12, 13) . There are some issues which are important while performing LPA in high TB burden countries such as room facility to minimize the risk of contamination. Restricted access to the molecular laboratories and strict adherence to standard operating procedures are necessary to reduce the risk of amplicon contamination. Thus, LPA is expensive compared to NRA in rural settings.
Nitrate reductase assay, as observed in the present study, was found to be rapid, inexpensive and easy to perform. As it does not require much instrumentation, it could be used routinely in laboratories in developing countries for drug susceptibility testing of M tuberculosis. It might be possible to apply the nitrate reductase test directly to microscopy positive sputa, thus drastically reducing the time needed for detection of drug resistant M tuberculosis.
Other studies have shown excellent results with sensitivity, specificity and kappa agreement for detection of resistance to RIF, INH and MDR-TB (14) (15) (16) . Therefore, according to the WHO, validated methods that detect resistance within 2-3 weeks can be recommended for rapid testing in places where molecular methods are not available (17) . In the United States of America, HIV-positive MDR-TB cases initially had 100% mortality (18) , but with greater awareness and earlier diagnosis, an improvement in initial survival rates of up to 50% has been reported (19) . In most patients, MDR-TB remains infectious throughout suboptimal therapy designed for drug-susceptible tuberculosis. Greater use of drug susceptibility testing would allow appropriate therapy and improve prognosis and potentially reduce MDR-TB transmission (20) (21) (22) . Early diagnosis of MDR-TB is very important to prevent therapy with inappropriate regimes Overall, the performances of LPA and NRA were excellent in detecting RIF-resistant strains rather than INH. The study concludes that LPA is an appropriate tool for rapid screening for MDR-TB in a reference laboratory setting and takes less time. But the infrastructure, training, quality assurance and other requirements should be followed to ensure high quality results. In Guyana, the NRA method could do a better job within the limited infrastructure for MDR-TB management.
